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About Us

* Biocomplexity Institute at the University of Virginia
* Using big data and simulations to understand massively
interactive systems and solve societal problems

* Over 20 years of crafting and analyzing infectious
disease models

* Pandemic response for Influenza, Ebola, Zika, and others
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Overview

e Goal: Understand impact of current and emerging Infectious Disease
threats to the Commonwealth of Virginia using modeling and analytics

* Approach:
* Provide analyses and summaries of current infectious disease threats
» Survey existing forecasts and trends in these threats

* Analyze and summarize the current situation and trends of these threats in the
broader context of the US and world

* Provide broad overview of other emerging threats
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

* Case rates have rebounded slightly higher after prolonged decline and plateau period
* Hospitalization rates remain in slow decline
* Most indicators still point to continued plateaus

* Long term projections that assume a seasonal trend in the winter show impact of
vaccine coverage and slow vs. fast evolution of immune escape

* Broad annual vaccination campaign reduces hospitalizations by 27% over 2 years

Model Updates

* Projected Trajectories from previous rounds remain on target, no new projections made this round
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Public Health Emergency Expired

May 11, 2023, marks the end of the federal COVID-19 PHE
declaration. After this date, CDC’s authorizations to collect
certain types of public health data will expire.

* This expiration shifts elements of the COVID-19 pandemic
response towards a monitoring and evaluation approach

* Changes data availability and cadence of updates

Vaccines will remain available.

l!l Access to COVID-19 vaccines will generally not be affected for now. The U.S.
government is currently distributing free COVID-19 vaccines for all adults and
children. To help keep communities safe from COVID-19, HHS remains committed
to maximizing continued access to COVID-19 vaccines.

COVID-19 at-home tests may not be covered by insurance.
(9‘ Insurance providers will no longer be required to waive costs or provide free COVID-
19 tests, CDC's Mo Cost COVID-19 Testing Locatar can help people find current
community and pharmacy partners participating in the Increasing Community
Access to Testing (ICATT) program.

Treatments will remain available.

8® Medication to prevent severe COVID-19, such as Paxlovid B [, will remain
available for free while supplies last. After that, the price will be determined by the
medication manufacturer and your health insurance coverage. Check with your
healthcare provider if you need early treatment to prevent severe COVID-19.

I National reporting of COVID-19 may change.

& We have the right data for this phase of COVID-19 that will allow us to understand
what's happening with the virus in America in real-time. Simply put, while what we
have going forward will be different, it will still allow COC, local public health
officials, and the members of the public to understand COVID-19 dynamics at the
community level

9-Jun-23

CDC Announcement

@ The following metrics remain available:

COVID-19 hospital admissians.

All hospitals are required 1o report data twough the end of Aprl 2024, This provides &
consistent and comprenensive way for weekly tracking of sevwers COVID-19 2t the county level,
These data wil shft from daily 1o weekly reparting shorty after May 11

coviD-19 nea:hs will remain, but the saurce of data has changed.
wrate and complet
improved over the caurse of the

pa percent of deaths that are COVID-19-associated, and ather metrics
from NVSS will b reported weedy.

Emergency department patient visits with diagnosed COVID-19 will
continue to be posted on a weekly basis.

These data cover about three quarters of the natiorfs emergency departments and provide
information about COVID-18 trends in mast states. Ths s ane of the fastest ways to saot
changing trends in CCAID-19 transmissian

COVID-19 test positivity will remain, but the source of data has changed
Afer May 25, CDC will eport regianablevel test positiity data from the National Resgliratory
and Enteric Virus Survelllance System INREVSS), alongstanding system with over 450 Labs

from across the country that voluntarly submit data. These data can provide early Indications of

€OVID-19 transmission.

Wastewater surveillance and genomic surveillance will remain in place.
T il llaw the COC to track transrmission and heow the vinus is mutating

Count of COVID-19 vaccines administered will remain for jurisdictions
who continue to submit data, but frequency will change.
These data will e updated monthly, instead of weekly

=2

COVID-19

The following data have been removed:

COVID-19 case and death data are no longer highlighted on COVID Data
Tracker.

Throughout the pandemic, case and death counts were reparted weekly to the CDC by states
Case data has become increasingly unreliable as some states and jurisdictions may no longer
collect case data, testing results are sometimes not reported, or some individuals skip testing all
together. CDC continues to recefve line-level data on COVID-19 cases through the National
Notifiable Disease Surveillance System—a system that CDC uses to regularly collect case data for
around 120 notifiable diseases. These data are available to the public for analysis at
data.cdogoy.

National, county-level test positivity data from COVID-19 Electronic
Reporting (CELR) are no longer available.
This is because after May 11" laboratories are no longer required to report results (4

The V-safe tracking system for health check-ins after vaccination health
check-ins is ending.

CDC will continue te monitor COVID-19 vaccines through its other established vaccine safety

monitaring systems. V-safe users or others whe get vaccinated can report any possible health
problems or adverse events fallowing vaccination to the Vaccine Adverse Event Reporting

System [4.
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CDC Centers for Disease Control and Prevention

CDC 24/7: Saving Lives, Protecting People™

End of the Federal COVID-19 Public Health
Emergency (PHE) Declaration

Updated May 5, 2023 Espafiol | Other Languages Print

OIG’s COVID-19 Public Health
Emergency Flexibilities End on
May 11, 2023 Upon Expiration of
the COVID-19 Public Health
Emergency Declaration

Important
This notice reminds the health care community that OIG flexibilities, described further
below, end upon the expiration of the COVID-19 Declaration on May 11, 2023.

In connection with the COVID-19 public health emergency declaration (COVID-19 Declaration) first
issued by the Secretary of Health and Human Services (HHS) under Section 319 of the Public Health
Service Act on January 31, 2020, and subsequently renewed, the Office of Inspector General (0IG)
issued two Policy Statements and answered a series of frequently asked questions (FAQs). The Policy
Statements and FAQs were designed to provide flexibility and minimize burdens for the health care
industry as it faced the challenges of the COVID-19 pandemic. Based on current COVID-19 trends, HHS
plans to let the COVID-19 Declaration expire at the end of the day on May 11, 2023,

'.

ﬁ") Office of Inspectdr General



https://www.cdc.gov/coronavirus/2019-ncov/your-health/end-of-phe.html#:~:text=May%2011%2C%202023%2C%20marks%20the,to%20the%20COVID%2D19%20pandemic.

COVID-19 Surveillance
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Loudoun

Lord Fairfax

Case Rates (per 100k)
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District Trajectories Hockey stick fit

Portsmouth

s0d — Cases
== Phase 1: May 14

Goal: Define epochs of a Health District’s COVID-19 incidence to = et s

40 + ---- Phase 3: July 01
—— Surge End Date

characterize the current trajectory o == Crnge s

!
!
!
!
!
!
!
204 |
!
!

Method: Find recent peak and use hockey stick fit to find inflection

10 4 Rss: 3961.872

point afterwards, then use this period’s slope to define the o] . | - . |
trajectory W B
st Weekly Case Rate Weekly Hosp Rate
Slope (per 100k) Slope (per 100k)
Declining Sustained decreases following a recent peak slope < -0.88/day slope < -0.07/day
Steady level with minimal trend up or down -0.88/day < slope < 0.42/day -0.07/day < slope < 0.07/day
Sustained growth not rapid enough to be considered a Surge 0.42/day < slope < 2.45/day 0.07/day < slope < 0.21/day
In Surge Currently experiencing sustained rapid and significant growth 2.45/day < slope 0.21/day < slope

Py
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District Case Trajectories — last 10 weeks

Number of Districts
Current Week Last Week

Curve shows smoothed case rate (per 100K)
Trajectories of states in label & chart box
Case Rate curve colored by Reproductive
number
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District Case Trajectories — Recent 6 months
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District Hospital Trajectories — last 10 weeks
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COVID-19 Growth Metrics
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Estimating Daily Reproductive Number —
VDH report dates

June 6t Estimates

Date Date Confirmed

Confirmed R. Diff Last Week

State-wide cases 1.078 0.080
State-wide hosps 0.987 0.024
Central 1.202 0.320
Eastern 1.075 0.065
Far SW 0.928 -0.164
Near SW 1.042 -0.227
Northern 1.075 0.124
Northwest 1.086 0.078

9-Jun-23

Methodology:

Wallinga-Teunis method (Epi-Estim) for cases by confirmation date.
Cori, A., Ferguson, N. M., Fraser, C., & Cauchemez, S. (2013). A new framework and software to estimate time-varying
reproduction numbers during epidemics. American journal of epidemiology, 178(9), 1505-1512.

Serial interval used: mean = 3.19, standard deviation= 0.122

Xu, X., Wu, Y., Kummer, A. G., Zhao, Y., Hu, Z.,, Wang, Y., ... & Yu, H. (2023). Assessing changes in incubation period, serial interval,

and generation time of SARS-CoV-2 variants of concern: a systematic review and meta-analysis. medRxiv, 2023-05.

Data was interpolated then smoothed (using 7 day rolling mean) to account for missing data.

Reproductive Number

Reproductive Number Estimates

VA State-level Reproductive Number Estimates Over the Past Three Months

1.4
1.3
1.2
1.1
1
0.9
Mar 26 Apr 9 Apr 23 May 7 May 21
2023
Date
VA Regional Reproductive Number Estimates Over the Past Three Months
— Central
1.5 ~——— Eastern

— Far SW
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V A W Classification Months i View
astewater Data Update o= R
W Lower Site-Specific Percentiles by Sampling Week
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Roanoke
Rocky Mount .
Northern Alexandria Renew ........ ...... ..
Arlington .
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https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-data-insights/sars-cov-2-in-wastewater/#surveillance-trend

US Wastewater Monitoring

Wastewater provides a coarse estimate of COVID-19 levels in . . .
.. L . Percent of sites in each percent change category over time, United
communities and can be a good indicator of activity levels States*
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https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

COVID-like Iliness Activity

COVID-like lliness (CLI) gives a measure of COVID

transmission in the community

* Emergency Dept (ED) based CLI is more

correlated with case reporting

* Urgent Care (UC) is a leading indicator but may
be influenced by testing for other URIs Z
* Levels continue to decline into lowest levels in:

past 8 months
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Eastern Region

Virginia CLI and cases comparison
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COVID-19 Severity Metrics
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Hospitalizations in VA by Age

Age distribution in hospitals Virginia Hospitalizations by Age (all ages)

relatively stable
« Uptick in hospitalizations mostly :
fueled by 70+ age group o g W\/\/k_/\/
* Pediatric hospitalizations level off i N
after uptick last week I EE———S S
Pediatric Hospitalizations by Age (0-17yo)
Note: These data are lagged and E Q
based on HHS hospital reporting Z
5 50 unknown | 2|
i 17 |=

Data Source: Delphi and HHS


https://cmu-delphi.github.io/delphi-epidata/api/covidcast-signals/dsew-cpr.html
https://healthdata.gov/Hospital/COVID-19-Reported-Patient-Impact-and-Hospital-Capa/anag-cw7u
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/|IP Code level fortnightly case rate (per 100K)

New cases per 100k in the last fortnight by ZIP code
Statewide COVID19 case

rates remain at near Rank Zip Code Name Rate — Case Rates by ZIP Code Case Rate
historic lows. T ——" (2023-06-06) n bt
eeling , 2000
* Nassawadox is reporting 3 24171 Stuar 2,350 1000
] 4 24378 Troutdale 2,250
an unusually high case rate. 5 24120 Meadows of Dan 1.760 NP
If accurate, it is five times 6 23917 Boydton 1,650 T Contains
, 7 24243 Dryden 1,610 ] Suppressecr
higher than the top ZIP 8 23964 Red Oak 1,520 Data
Code at last report. 9 24072 Check 1,500
10 23922 Burkeville* 1,480

* Burkeville isthe only ZIP O e coses win stae prisons” -
Code with a state prison
currently in the top 10.

e Areas with high case
rates are sporadic; with
slight clustering in Far , B
SW and Southside. b 2 "

Based on Spatial Empirical Bayes smoothed point prevalence with an 8:1 ascertainment ratio, for fortnight ending 2023-06-06.
fillf UNIVERSITYy VIRGINIA
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Risk of Exposure by Group Size and HCW prevalence

Case prevalence in the last fortnight by zip code used to calculate risk of encountering
someone infected in a gathering of randomly selected people
* Group Size: Assumes 8 undetected infections per confirmed case (ascertainment rate from recent

seroprevalence survey) and shows minimum size of a group with a 50% chance an individual is infected
by zip code (e.g., in a group of 10 in Nassawadox, there is a 50% chance someone will be infected).

 HCW ratio: Case rate among health care workers (HCW) in the last fortnight using patient facing health care
workers as the numerator / population’s case prevalence. Again, high HCW ratios are found in Southwest.

Rank Zip Code Name Size - Group Size Needed for 50% Group Size Rank Name Ratio HCW Prevalence / Case Prevalence Prevalgn'c1e Ratio

1 23413 Nassawadox 10| “scae Likelihood of 21 Infected p High: 300+ 1T Lancaster County 183 (Fortnight ending 2023-06-05) | Higher HCW Prev I e

2 24566 Keeling 52 e 260 2 Martinsuille City 14.5) geyond & 4 [ *
3 24171 Stuart 58 220 3 Charles City County  11.7| ‘gcale SR/ 3:1
4 24378 Troutdale 61 180 4 Patrick County .0 2:1
5 24120 Meadows of Dan 78 140 5 Accomack County 4.7 -
6 23917 Boydton 84 100 6 Smyth County 4.2 1:2
7 24243 Dryden 85 60 7 Hopewell City 4.0 1:3
8 23964 Red Oak 90 LoWiE20 8 Culpeper County 3.4 I'1 4

9 24072 Check 92 9 Henry County 3.2 | Higher Case Prev )
10 23922 Burkeville® 93 NaN 10 Fluvanna County 2.9 ‘ P

Only includes zips with pop = 1000 and no supp. data. . " Yo o 7
* Denotes zip codes with state prisons. s l \ S ¥ : "g
A \ @1 A:c;mac ©
i, _ e
i { g s SO | Y A X thampton
> ; WW"J: Ly G le?' ol Nf'j ’j"('k. \"\{,v [~ Yok
LN ‘w.se“ j‘_fJ Tozewell I?Iand e Ly \“ / e «_\\° D o < Sumy i\, 1
~/7, e ‘IN Russre!lr g é : Wythe ‘i» f'}/ il . i Rt »"‘"sn 4 THL/V 3 15 ./ — > ? {
pe vy — - o Pittsylvania S ] { 2
- e T et | Westingon — L ( ’952»7 y e 2l eckaniy [ oe {sutox| cnesQ.-
3 2 SRR Yoy i / S f | peake ;\

Note: This assumes that the ascertainment rate of healthcare workers is double that of the public.

9-Jun-23 BIOCOMPLEXITY INSTITUTE 21



Current Hot-Spots

Case rates that are significantly different from neighboring areas or model projections

* Spatial: Getis-Ord Gi* based hot spots compare clusters of zip codes with fortnightly case prevalence higher
than nearby zip codes to identify larger areas with statistically significant deviations

* Temporal: The fortnightly case rate (per 100K) projected in March compared to those observed by county,
which highlights temporal fluctuations that differ from the model’s projections.

* Low prevalence rates result in sporadic spatial hotspots. Model overpredictions seen in Southside, and to a
lesser extent New River and Crater. Pitt-Dan and Lenowisco saw slightly more cases than models expected.

Spatial Hotspots

Clustered Temporal Hotspots

Spot Zip Code Name Conf. Point Prevalence Hot Spots by Zip Code Getis-Ord Gi* HotSpots Weekly Model Residuals s 1
assawadox o _0B- ) old Spot - 99% Confidence aptive redicting ; ore Cases
1 23413 N dox 99% (2023-06-06) Cold Spot - 99% Confid Adaptive 10MAR Predicti More C 24% :
2 24171 Stuart 99% LB ~ Cold Spot - 95% Confidence Fortnight ending 2023-06-04 7 ™ than Expected 180
= < = {Frederi )
3 24566 Keeling 95% $Tof o/ 120
Gy Zips with pop = 1000 and 1o supp. data )‘r [ /towdoun B ‘ Cold Spot - 90% Confidence Clal’ke tutein 60
* Denotes zip codes with state prisons. s LWarren)” 3 Not Signiﬂcant 3 ‘,Wane ) 0
Y N Shenandoah . 50
Hot Spot - 90% Confidence gl ] \ Favquier,  (hFartax ] -60
Rappa, -120
Hot Spot - 95% Confidence u ‘ /Rockingham '/ Page . 180
) g : - ¢ - [ Culpeper\ o Fewer Cases
- Hot Spot - 99% Confidence District-Level Residuals s L Macisond ‘ksilfﬁord than Expected -LZO‘:IS 555
7 Adgusta C Qllamrd Cases / 100,000
/ Abemarie /-~ Louisa 2 ni:\e \
g 3 A
ccccccccc Nelson 5 Hanover LS "’"‘-\ » Accomack
- Botetourt LS, Amherst Biicking 7“\) \‘, ; 3
“1 P Craig Cuml Chic. NP
o e . G > a3 {ameta SR M ] G\ )\ |Nerttemeton - ;“/« -‘,‘\ ook / Appmttx % oolopion
' N\ azowsl S, Bland 5 M ~pickenso Tazew Band > o Mont. | SRl oy
Wise B e - 3 Nas? § arlotte Wise \, Pulaski b y
: I W f R - . -
P, @ o Russell (=7 X Wythe N\ Floyd /~ [ 3 Russell Wyth Floyd
LN \ s Smyth ~ - @~ APitsyivania Halifax { y % ( Smyth B:a
y \— Washi R el N sy / | - P A R oo J T Bunswick
e - 5 - ?rfym 7~ - P£ Henry | 34 | l | M ‘L ™ [T i Yva ’ SR g i | Henry b Gfoa:svi Sm‘k (xi:-
Based on Global Empirical Bayes smoothed point prevalence for fortnight ending 2023-06-06. . Health District Level Moran's | = 0.022057, Z-Score = 0.927616, P-Value = 0.353607
9 JU n 23 No Residual Autocorrelation Detected 22
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Hospitalization Scenario Trajectory Tracking

Which scenario from three months ago did each county track closest?

Note: This map has switched from fortnightly to cumulative (hospitalizations since model run).

. virginia Daily Hospitalized - Comparison 2023-03-10 C umu Iative M odel P roxi m ity Closer
— E::?.ti.:"m:m 10MAR Predicting Hospitalizations - Adaptive
00 e from 2023-03-05 to 2023-06-04 Epm
qua

- IncreaseTemp
- IncreasePerm

Rappa.

Daily Hospitalized cases
] ]

Fauquie ! i

Culpeper
on

ad|s

~
Orange A
=5 4
Albemaﬂe Louisa ] .
Accomack

s Northampton
Dinwiddie

Sussex

Most counties, and all population centers, closely tracked the Adaptive (current course) scenario.

Pitt-Dan and Southside tracked IncreasedTemp, while Lord Fairfax tracked IncreasedPerm.

9-Jun-23
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United States Hospitalizations

EEET

Number of States
Current Last
Week Fortnight
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Around the World — Various trajectories

Confirmed cases Hospitalizations

Weekly confirmed COVID-19 cases per million people Qur World Weekly new hospital admissions for COVID-19 per million people BIAE

in Data
Weekly confirmed cases refer to the cumulative number of confirmed cases over the previous week. Weekly admissions refer to the cumulative number of new admissions over the previous week.

10,000
200

8,000

150

6,000

100
France
4,000 England
Ireland
Belgium
Oceania United States
South America 50 Denmark
2,000 Europe Singapore
North America Israel
Asia " . =S R Italy
,_H—"/_—‘ A_frica Germany
d %L Singapore Iceland
0 : : . : ~ C _Illl United States 0 ) : : : South Korea
Aug 22, 2022 Dec6,2022 Jan 25,2023 Mar 16,2023  May 31, 2023 Aug 20, 2022 Dec 6,2022 Jan 25,2023 Mar 16, 2023 Jun 6, 2023
Source: WHO COVID-19 Dashboard cc BY Source: Official data collated by Our World in Data CC BY
Our World O W |d . D t =
peyem Our VWorld In Data it UNIVERSITYo VIRGINIA
9-Jun-23 26
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https://ourworldindata.org/explorers/coronavirus-data-explorer?zoomToSelection=true&time=2022-06-28..latest&facet=none&pickerSort=asc&pickerMetric=location&Metric=Hospital+admissions&Interval=7-day+rolling+average&Relative+to+Population=true&Color+by+test+positivity=false&country=USA~GBR~AUT~BEL~NZL~JPN~CZE~AUS~DNK~DEU~FRA~IRL~ISR~SGP~KOR~ISL
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SARS-CoV?2 Variants of Concern

Emerging variants have potential to continue to alter the future

trajectories of pandemic and have implications for future control " S
ool @21 o)
* Variants have been observed to: increase transmissibility, increase severity 7 ¢ ®:uomm
(more hospitalizations and/or deaths), and limit immunity provided by prior
infection and vaccinations
Weighted and Nowcast Estimates in HHS Region 3 for Nowcast Estimates in HHS Region 3
2-Week Periods in 2/5/2023 - 5/27/2023 for 5/14/2023 - 5/27/2023

Hover over (or tap in mobile) any lineage of interest to see the amount of uncertainty in that
@ lineage's estimate.
Region 3 - Delaware, District of Columbia, Maryland, Pennsylvania,

Virginia, and West Virginia

Model-based
Weighted Estimates: Varlitanl proportions based on reported 2;%:-.3;%; WHO labal  Lineage # USClass %Toml  95%F1
genomic sequencing results . micron 1. 1% N 0 .
e omern o815 voe sotw arsoe https://clades.nextstrain.org
100% R —— R XBB.1.16 VOC  18.4%  12.1-269% [ |
. XBB.1.9.1 voC 13.0% 10.0-16.6% .
. XBB.1.9.2 vocC 7.3% 5.1-10.3% .
.é s XBB.2.3 VOC  49%  2.7-8.6% O m ic ro n U d ates *
% XBB.1.16.1 voC 3.4% 1.9-5.9% p
S 60% % 7-3.7% 1
TR BT R AT L] e XBB.1.5 proportions have fallen to 50% from 60%
o1 voc o oroz « XBB.1.16 remains flat at 18% with XBB.1.16.1 at 3%
§ FD.2 VvOoC 0.1% 0.0-0.1% .
sat1  voc oo oooon [l e« XBB.1.9.1 now at 13% (XBB.1.9.X combined was 13%)
g BQ.1 VvoC 0.0% 0.0-0.0% .
N . ons e P P e XBB.1.9.2 now at 7% last week
= 3 2 3 2 8 L . o0 ook e N e XBB.1.5.1 Steady at ~“3%
™ «© = - w BA.2 voC 0.0% 0.0-0.0%
L sas2s  voc oo ocoox [ e XBB.2.3 now at 5% up from 3% last week
Collection date, two-week period ending Other Other” 0.0% 0.0-0.0% .

*percentages are CDC NowCast Estimates

9-Jun-23 CDC Variant Tracking 28



https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://clades.nextstrain.org/

Cases

, 25
g

20

15

10

SARS-CoV2 Sequencing

Emerging variants have potential to continue to alter the
future trajectories of pandemic and have implications for
future control

* Current proportion of cases being sequenced is on a downward trend
nationally.

* Leveraging additional resources such as wastewater sequencing and
adopting into existing infrastructure will be an important supplement

National Proportion Cases Sequenced

=]
8
Proportion Sequenced

https://cov-spectrum.org/explore/United%20States/AllSamples/Past6M/sequencing-coverage

9-Jun-23

BA4 O O BA.4.6

BQyt .

BA.S O
~BA.2 . O BF.7
BJ.1 O . XBB
BA.2.75 O . BA.2.75.2

https://clades.nextstrain.org

. BQ.1.1

United States

Weekly Nucleic Acid Amplification Tests (NAATs) Performed and COVID-19 Nucleic Acid Amplification Tests (NAATs) 7-day Percent
C

Positivity in The United States Reported to CD

Weekly Test Volume

https://covid.cdc.gov/covid-data-
tracker/#trends 7daytestresultsreported 7daytestingpositive 00
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https://cov-spectrum.org/explore/United%20States/AllSamples/Past6M/sequencing-coveragege
https://clades.nextstrain.org/
https://covid.cdc.gov/covid-data-tracker/#trends_7daytestresultsreported_7daytestingpositive_00
https://covid.cdc.gov/covid-data-tracker/#trends_7daytestresultsreported_7daytestingpositive_00

SARS-CoV2 Omicron Sub-Variants

As detected in whole Genomes in public repositories
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SARS-CoV2 Omicron Sub-Variants

Daily variant prevalance over time in different regions of Virginia (predicted)

Northwest Northern Eastern
100 variant
@ B.1.1.529
= 80 BA2.12.1
< ® BA2.75
§ ¢o BA.4
B ® BAS
o BN.1
40
3 ® BQ.1
s 20 @ BQ.1.1
® CH.1
XBB
0 ® XBB.1.16
@ XBB.1.5
Southwest Central @ XBB.1.9
other
100 T n
~ 80
S
c
§ 60
t
g 40
o
'
2 20
0 I I I I I I . .
g ,\’Qx & /\’Q\, *Possibly impacted by
I\ Q N Q outdated pangolin
AV v » % .
D ~Q ~Q D definitions and low
sample numbers
date date date
9-Jun-23
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SARS-CoV2 Omicron Sub-Variants

XBB.2.3*

COV-spectrum
“Editor’s choice”
Variants to watch

Known variants
Which variant would you like to explore?

Editor's choice ¥

XBB* 967% BA275 2.2%

_________/_\

BQ.1* 0.3%  BA.5* but NOT BQ.1* 0.3%

\\/_/\

XBB* + S:FA86P 94.9%  XBB.1.16 15.6%
/

A

XBB.2.3* 48%  XBB.19* + SIFA86P 18.2%

/

XBB.1.5* 52.8%  CHAJ* 15%

——_——h____'_________/\

BN.1* 0.7%  s:Fagep 95.2%
- Inn S E IR iIVDR

Enabled by data from (&1a\[2)

9-Jun-23

Relative growth advantage
Show regions
if variants spread pre-dominantly by local transmission across demographic group... (show w-

gh time

International comparison
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10%

* ustisia ®
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Relative growth advantage

If variants spread pre-dominantly by local transmission across demographic
group... (show more)
Estimated proportion through time
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20%

10%
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15%
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https://cov-spectrum.org/explore/United%20States

Global SARS-CoV?2 Variant Status

XBB.1.16

Variants Detected, by Collection Week
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Neurological manifestations

Encephalitis 0.1-0.2%; GBS 0.1-1.0%; myelitis 0.1%,
optic neuritis 0.1% in hospitalized patients

Pandemic Pubs (June 8%, 2023)

Antiphospholipid antibody syndrome

Positivity for LA, IgA AB2GPI, and IgA ACA: as

high as 92%, 37%, and 32% in moderate to severe
patients
Other SARDs

Flare of pre-existing SARDs, particularly SLE

Ocular manifestations

Case reports of retinal vein vasculitis and uveitis

1. Several large cohort studies from different countries indicate and increased

risk (20-30%) for new auto-immune disease following COVID-19 infection. fnterahislung dhvee \ N Ao
. . . e ey . . atients syndrome

One study shows increased risk based on severity of initial infection. HLH

Case reports in adults aged 35-54 years

7% in severe patients

Articular manifestations

N with Covid N Ccn'tr.ols Im:re'ased Risk o:F New Citation Systemic vasculitis Arihralgia 2.531%; caso reports of acute arthritis
No Covid Autoimmune Disease
us 884,463 2,926,016 19-47%* Chang R, eClinical Medicine, 9 January 2023 e
Germany 641,704 1,560,357 43% Tesch F, MedRxiv, 26 January 2023 OB ST IRANE N ":““f“’!‘??f' S—
UK 458,147 1,818,929 22% Syed U, MedRxiv 7 October 2022 related manifestations G

*range dependent on specific autoimmune condition, adjusted for competing risks, before this adjustment 100-200% increased risk @erictopol Case reports of crescentic and collapsing

glomerulopathy; IBD flare 1-5%

Skin manifestations

Case series of cutaneous vasculitis and

chilblain-like lesions
Severe COVID-19 cases have demonstrated
a substantial inflammatory response with pro-
inflammatory cytokines and chemokines that Al
stimulate pulmonary inflammation. As the V1. Inflammetory xthrits i PSRN ’
. ) : : :
burden of COVID-19 cases increases o ;iﬁﬁxﬁim i g3 Female .
worldwide, so does our understanding of the Y2, Competive fisns dissass ; _— °
condition. Owing to worldwide vaccination ¥2-1. Systemic lupus erythematosus ! —— o .
. " . ge <

efforts, mortality due to COVID-19 has been S A i —

. ) ; ¥2-3. Systemic sclerosis ! —— Age 18-64 L
decreasing, but we continue to witness Y24, Sjogren's syndrome i ul 9
considerable morbidity and increased rates ¥2-5. Mixed connective tissue dissase i . Age 65-79 s
of post-COVID-19 conditions and in SRS i ol Roalis -
particular, new-onset autoimmune and Ty pomlen et : -
inflammatory diseases in individuals who Y29, Psorisis i - M ¢
have had COVID-19. The range and 3. Intestinal related avtoimmune i Hospital o
incidence of these post-COVID-19 disorders 4. Tnflamaty howel dhoms i . . i

. . . ¥3-2. Celiac disease ; ——
have now _been hlghllght_ed in two large ¥4, Type 1 DM i _._ 1 T : 3
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1 2 3 4 infection by subgroup. The severity of COVID-19 was operationalized as only outpatient care, usual hospital care and
aHR ICU/ventilation-intensive care unit and mechanical ventilation.

Nature Reviews Rheumatology

https://www.nature.com/articles/s41584-023-00964-y

via Eric Topol
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Pandemic Pubs (May 25", 2023)

bV 4 Alpha variant
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Pandemic Pubs (May 25", 2023)

2. SARS-CoV-2 can spread to multiple tissues both after primary infection and reinfection. Further evidence of chronic infection leading to long Covid.
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Researchers in Argentina autopsied 21 donors experience first infection or reinfection at time of death between January and August 2022. Their
analysis shows persisting reservoirs of SARS-CoV-2 in multiple tissues including lungs, heart liver, kidneys and intestines with different
characteristic loads after Omicron infection. Frequent causes of death included adult respiratory distress syndrome with bilateral lung
compromise during COVID-19 as well as exacerbations of preexisting comorbidities and COVID-19. Genomes isolated from different tissues
showed a remarkable amount of heterogeniety.

https://www.frontiersin.org/articles/10.3389/fmicb.2023.1192832/full
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Pandemic Pubs (May 25", 2023)

Proportion of Sequences
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3. UKHSA prevalence and growth rate report shows a wide variety of variants and XBB.1.16 and XBB.1.19 having continued growth advantage

T 8§ ¢ ¢ & § g € g 8 & 2 g X% & 2 & K 8 2 & § 35 8
> 1] Q Q Q c c c c c o o o o 3 3 L L = = = = Pl >
=] @ 7] 7] [ © (] o o =% o =3 =3 [} ©
z a a a a 3 3 3 g 3 & & & & = = = = < < < < = =
Week Beginning
— Total Sequences CH.1.1 (BA.2.75.3.4.1.1.1.1) XBB.1.5.7 XBB.1.5.18 EG.1 (XBB.1.9.2.1) Unassigned
CH.1.1.1 (BA.2.75.34.1.1.1.1.1) EM.1 (XBB.1.5.7.1) XBB.1.5.20 XBB.1.16 Other
Lineage BQ.1 (BA5.3.1.1.1.1.1) XBB.1.5.12 EU.1.1 (XBB.1.5.26.1.1) XBB.1.16.1
BQ.1.1 (BA5.3.1.1.1.1.1.1) XBB.1.5.13 XBB.1.9.1 XBB.1.17.1
XBB.1.5 EK.2.1 (XBB.1.5.13.2.1) XBB.1.9.2 XBB.2.3

In the UK variant surveillance is now limited to individuals tested with PCR in
hospitals with acute respiratory symptoms (plus a few research studies)
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https://www.gov.uk/government/publications/sars-cov-2-genome-sequence-prevalence-and-growth-

rate/sars-cov-2-genome-sequence-prevalence-and-growth-rate-update-24-may-2023
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Pandemic Pubs (May 11th, 2023)

1. Positive test results, emergency department visits, and COVID-19 deaths are suitable and timely indicators of trends in COVID-19 activity and severity.

FIGURE. Trends in normalized values* of leading (A) and lagging (B)' COVID-19 surveillance indicators — United States, October 1, 2020-March

22,2023
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When the U.S. COVID-19 public health emergency declaration expires on May 11, 2023, national reporting of certain categories of COVID-19
public health surveillance data will be transitioned to other data sources or will be discontinued. Weekly COVID-19 Community Levels (CCLs) will
be replaced with levels of COVID-19 hospital admission rates (low, medium, or high) which demonstrated >99% concordance by county during
February 2022—March 2023. Authors suggest COVID-19-associated hospital admission levels are a suitable primary metric for monitoring COVID-

19 trends
https://www.cdc.gov/mmwr/volumes/72/wr/mm7219e2.htm?s cid=mm7219e2 x#contribAff
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Pandemic Pubs (April 19th, 2023)

1. XBB.1.16 shows a similar resistance profile to XBB.1 and XBB.1, in that it is resistant to a variety of anti-SARS-CoV-2 antibodies from breakthrough
infections. Scientists suggest this parity indicates it's growth advantage may come from some other transmission property such as a change in
antigenicity or in viral growth efficiency.
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Scientists in Japan characterized the antibody neutralization of XBB.1.16. Panels F, G, H indicate as similar neutralization profile to other XBB variants relative to
breakthrough infections. Panels D and E show the ACE2 binding affinity and infectivity respectively. A change in antigenicity relative to XBB 1.5 is inferred from a PCA of
neutralization assays F and G (neutralization cartography).

https://www.biorxiv.org/content/10.1101/2023.04.06.535883v3.article-info
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Past projections — Hospitalizations

* Previous projections remain on target with recent observations
* Past 14 weeks have stayed steady and indicate possibility of slight upward trend in

coming weeks

Previous round — 14 weeks ago

Virginia Daily Hospitalized - Comparison 2023-03-10
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Daily Hospitalized cases

Previous round — 16 weeks ago

virginia Daily Hospitalized - Comparison 2023-02-24
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National Modeling Hub Updates
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Naily COVID-19 hospital admissions
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Current COVID-19 Hospitalization Forecast
Statistical models for submitting to CDC COVID Forecasting Hub

* Uses a variety of statistical and ML approaches to forecast weekly hospital admissions for the next 4 weeks for all
states in the US

Hospital Admissions for COVID-19 and Forecast
for next 4 weeks (CDC COVID Ensemble)
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https://www.cdc.gov/coronavirus/2019-ncov/science/forecasting/hospitalizations-forecasts.html

Scenario Modeling Hub — COVID-19 (Round 16

Collaboration of multiple academic teams
to provide national and state-by-state level
projections for 4 aligned scenarios

* Round 16 results published

* Moderate escape scenarios tracking best

* Round 17 is underway, prelim results in

coming weeks

"Level 5" Variants

"Level 6/7" Variants

Accelerating
uptake levels of
reformulated
boosters

Current uptake
levels of
reformulated
boosters
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Projected Incident Hospitalizations by Epidemiological Week and by Scenario for Round 16 - US
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Scenario Modeling Hub — COVID-19 (Round 17)

Collaboration of multiple academic teams to

provide national and state-by-state level
projections for 6 aligned scenarios

* Preliminary Results

* Round Designed to explore different
seasonal vaccination levels and the
impact of Immune Escape

Scenario Dimensions:
Immune Escape (IE):

Slower IE (20%/yr) vs.
Faster IE (50%/yr)

Vaccination levels:

None vs.
Vulnerable and 65 + vs.
Broader population of eligible

9-Jun-23

https://covid19scenariomodelinghub.org/viz.html

Low immune escape
e Immune escape occurs at a
constant rate of 20% per year

High immune escape
e Immune escape occurs at a
constant rate of 50% per year

No vaccine recommendation

Uptake negligible or continues at very slow levels
based on existing 2022 booster trends

Scenario A

Scenario B

Reformulated annual vaccination recommended for 65+
and immunocompromised

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1
Uptake in 65+ same as first booster dose
recommended in September 2021

Uptake in individuals under 65 negligible or
continues to trickle based on 2022 booster trends

Scenario C

Scenario D

Reformulated annual vaccination recommended for all
currently eligible groups

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1

65+ uptake same as first booster dose recommended
in September 2021

Coverage in individuals under 65+ saturates at levels
of the 2021 booster (approximately 34% nationally)

Scenario E

Scenario F
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UVA model — Preliminary Results (Round 17)

e Vaccination drives down
hospitalizations

* Broad population vax levels akin to
bivalent booster significantly reduce
hospitalizations

Preliminary Results
Virginia
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UVA model — Preliminary Results (Round 17)

* Cumulative hospitalizations over 2 years shows spread across vaccination levels

* Broad annual vaccination campaign reduces hospitalizations by 27% over 2 years

Virginia Hospitalizations across scenarios
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UVA model — Preliminary Results (Round 17)
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SMH summary — Preliminary Results (Round 17)

* Most models show similar seasonal
patterns though many don’t return to
very low levels in the “inter-season”

period

* Peak sizes vary considerably between
models, however, cumulative
hospitalizations cluster tighter

9-Jun-23
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SMH summary — Preliminary Results (Round 17)

Models estimate potential
reduction in hospitalizations
ranging from 35% - 15% for a
whole population campaign
and 8% - 18% for a 65+ only
campaign

Reductions in deaths are
higher with ensemble
estimates of 22% reduction for
whole population and 18%
reduction for 65+

Reductions are smaller for the
high immune escape scenarios

9-Jun-23

Immune Escape©Vaccination

Percent averted of reported {'Hospitalization', 'Death'}
compared with no booster vaccination scenario (US); Projection Week 1-104

Low Immune Escape High Immune Escape
aaaaaaaaaaaa
O UNCC-hierbin
MMMMMMMMMMMMMMMMMMMM
@® UTA-ImmunoSEIRS
<@ Ensemble_LOP
>
<> @ ->
>
< <>
<>
H L7 " oty Ho, H i, . "
* Bgy, tiog, 8
8 " (c) iG] * bo, ) 5
© (G N M ter g 9 4 fu M
Yo g, "o g £ ) “) M 00, o Cogy, 8) ®)
Ster ca) iy ter (g g

o 50
Preliminary Results



01-June-23

Fusing Multiple Biosurveillance
Metrics at Different Resolutions
Research Update
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summary

* Categorical indicator methods & analytics
* Analyzing sighals at the categorical level.
e Categorization based on quantiles
* Understand different signals at District resolution
* Time series analysis, regression and forecasting

e Statistical tests to assess the significance of associations between
variables

 Variable selection for the modeling purposes

 UNIVERSITYo VIRGINIA

BIOCOMPLEXITY INSTITUTE



Biosurveillance System Components

Data Processing

Data Ingestion Database Generation Foresight systems

| Cases | | | | Level 1 Early Warning
: ! ' | |  Data denoising Signals

E Hospitalization | E Harmonization: i E * Outlier removal * Based on recent

: N L * Account for missing statistics

E - N ) Te.mporal - data * Univariate and

: : A||gnment Lo * Categorical multivariate

E Viral Load E ) Spatlal E E

: ! Aggregation Lo ! !

| ® . L

l o : o

° Level 2 Forecasting

: . | Lo * Signal quality * Univariate and

i Variant Prevalence : : i * Uncertainty multivariate models
: E E : * Leading indicators  Can provide future
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Biosurveillance System Components
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Categorical Indicators

1. Level-based categories: determining bin boundaries based on
a) K quantiles using the entire time series
b) Equal bins : by dividing the data into K equal bins

2. Trend based categories: based on rate of change (ROC)
a) from recent change point — uses only data from change point [1]

b) In afixed length window e L

* Surge (ROC > +10%) se+06 |

* Decline (ROC<-10%)

* Plateau (otherwise)

4e+06
phase

Decline
3e+064

Cases

Plateau

Surge
2e+06 -

q ”
1le+06 4 - \_ﬁ\

0e+00 T T T T T
Jul 2020 Jan 2021 Jul 2021 Jan 2022 Jul 2022

[1] Phase-Informed Bayesian Ensemble Models i B UNIVERSITYofVIRGINIA
Improve Performance of Covid-19 Forecasts. IAAl 2023.
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Test of association between Cases and Viral Load

* To test if there is any significant association between two categorical variables

Quantile Category Quantile Category
Viral Load Viral Load
Low Med High Total Low Med High Total
Low 446 192 68 706 Low 239 234 233 706
Med 189 281 222 692 Med 234 230 228 692
High 71 219 398 683 High 233 228 227 688
Total 706 692 688 2086 Total 706 692 688 2086

* Uniform marginal and joint densities for quantile-based categories
* Viral load and Cases are not independent
« y? =566.028, df =4, p-value = 0.00

fili UNIVERSITYs VIRGINIA
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Test of association with CLI and hospitalizations

H,: Cases are independent of CLI

H,: Cases are independent of Hospitalizations

Quantile Category

hospitalizations

Low Med High | Total Low Med High | Total
460 160 86 706 511 166 29 706
Low Low
65.2% 22.7% 12.2% | 100% 72.4% 235% 4.1% | 100%
181 318 193 692 162 329 201 692
Med Med
26.2%  46%  27.9% | 100% 23.4% 47.5%  29% 100%
- 65 214 409 638 ) 33 197 458 688
g 9.4% 31.1% 59.4% | 100% High | s oo, 2s6%  666% | 100%
Total 706 692 688 2086 Total 706 692 688 2086

« x%? =640.228, df = 4, p-value=

* Reject Hy : Cases are not independent of CLI

0.00

« x*=987.028, df = 4, p-value = 0.00
* Reject Hy : Cases are not independent of

Hospitalizations

fili UNIVERSITYs VIRGINIA
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Multinomial logistic regression model

n(gnt_cases) = By + B1qnt_vl

Two logistic models for a categorial variable with 3 values:
. P(gqnt_cases=2)
L 108( ) = P20 + B21lgnt viz + B2,2lgnt vi3

P(gnt_cases=1)

.. P(gnt_cases=3)
1. log (P(qnt_caseS:l)) = P30 t P3,1lqneviz + B32lqnt vis

Coefficient estimates: Exp(Coefficients):
qgnt qnt
cases cases
2 -0.859 1.239 2.042 2 0.424
3 -1.838 1.969 3.605 3 0.159
il UNIVERSITY2f VIRGINIA

BIOCOMPLEXITY INSTITUTE

qnt_cases : numeric values
(1/2/3) corresponding to the
categories (Low/Med/High) for
the case dataset

Iynt v : indicator representing

whether gnt_vl equals 2.

3.454 7.704
7.165  36.767
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Multinomial logistic regression model

U(qntcases) = fo + f1qnty,; n(qntcases) = Bo + Biqnty,; + B qNiposp + Bzqnt
_ predicted_categories predicted_categories

actual_categories o 3 Total actual_categories _2 3 Total

446 192 68 706 531 148 27 706
1 63.2% 27.2% 9.6% 100% 1 752% 21% 3.8% 100 %

189 281 222 692
2 273% 40.6% 321% 100% 2 221_556% 433_:.315 % z%ﬂ;a 1332%

71 219 398 688
3 103% 318% 57.8% 100 % 3 3_255% 251_.'1'3% ?{“E"% 1333%

706 692 688 2086
Total 338% 332% 33% 100 % Total 34 Yo 31 3445 09
Average precision = 53.93%, BIC =4035.245 Average precision = 65%, BIC =1657.771

e 1=Low, 2 =Med, 3 =High
* Including all signals increases precision in high category by ~ 13.5%

fili UNIVERSITYs VIRGINIA
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Variable selection: are all variables significant in the
model?

77((flntca$es ) = Bo + p1qnt,; + lgzqnthosp + Bzqnt,y;

* ANalysis Of VAriance (ANOVA): assesses variations in dependent variable distribution across
multiple independent variables.

* By comparing the log-likelihood of the full model with that of a reduced model

* Hy:pr=p=5=0
* A small p-value indicates improved model fit.

ANOVA test result: all three signals Viral load, CLI, Hosp are significant in the model

il UNIVERSITYoVIRGINIA
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Research Findings

* The availability of supplementary datasets enhances the effectiveness of
modeling.

* District-level analysis enables statistical testing to be conducted effectively.

Future Directions

* Retrospective analysis for building forecasting models.
 Clustering algorithms like hierarchical clustering based on categorical indicators.

* Continue exploring other categorical indicators such as phase-based categories.

 UNIVERSITYo VIRGINIA
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

* Case rates have rebounded slightly higher after prolonged decline and plateau period
* Hospitalization rates remain in slow decline
* Most indicators still point to continued plateaus

* Long term projections that assume a seasonal trend in the winter show impact of
vaccine coverage and slow vs. fast evolution of immune escape

* Broad annual vaccination campaign reduces hospitalizations by 27% over 2 years

Model Updates

* Projected Trajectories from previous rounds remain on target, no new projections made this round

 UNIVERSITYo VIRGINIA
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Questions?

Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu

Madhav Marathe
marathe@virginia.edu

Chris Barrett
ChrisBarrett@virginia.edu

9-Jun-23

Biocomplexity COVID-19 Response Team

Aniruddha Adiga, Abhijin Adiga, Hannah Baek, Chris Barrett,
Golda Barrow, Richard Beckman, Parantapa Bhattacharya,
Jiangzhuo Chen, Clark Cucinell, Patrick Corbett, Allan
Dickerman, Stephen Eubank, Stefan Hoops, Ben Hurt, Ron
Kenyon, Brian Klahn, Bryan Lewis, Dustin Machi, Chunhong
Mao, Achla Marathe, Madhav Marathe, Henning Mortveit,
Mark Orr, Joseph Outten, Akhil Peddireddy, Przemyslaw
Porebski, Erin Raymond, Jose Bayoan Santiago Calderon,
James Schlitt, Samarth Swarup, Alex Telionis, Srinivasan
Venkatramanan, Anil Vullikanti, James Walke, Andrew
Warren, Amanda Wilson, Dawen Xie
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